Introduction
The main surgical methods for the treatment of rhegmatogenous retinal detachment (RRD) are scleral buckle (SB) surgery and pars plana vitrectomy (PPV). SB is an effective procedure for treating RRD. [1] [2] [3] [4] The anatomic success rate of SB surgery has been reported to range from 75% to over 90%. [1] [2] [3] [4] Macular detachment and its duration are the most important prognostic factors for visual outcome, and macular detachment is consistently associated with poorer visual outcome. 4, 5 Although the duration of macular detachment is a significant prognostic factor, there is no consensus on the exact duration after which visual recovery may be compromised. [4] [5] [6] [7] [8] It is becoming increasingly clear that the visual outcome of SB done in the first week of macular-off RRD is not influenced by duration. [4] [5] [6] [7] [8] In a meta-analysis of RRD treated with SB, van Bussel et al reported that SB must be performed within 3 days of macular detachment to optimize the visual outcome.
Because of lack of awareness of RRD, delay in diagnosis of RRD, limited availability of facilities, and poverty level in Ghana, patients with RRD often present late and a significant proportion present with complicated disease that would usually have been treated with PPV in the developed world. 10 PPV requires the use of expensive technology, and the cost of surgery is higher compared with SB surgery. Before the year 2013, SB was the only surgical procedure performed regularly in Ghana due to lack of equipment and skilled personnel for PPV. SB is the main surgical procedure performed in Korle Bu Teaching Hospital (KBTH) over the past two decades. From the year 2011, there was a change in the technique of SB surgery in KBTH with the adoption of minimally invasive techniques. However, there are no studies on the anatomic success and visual outcome of SB surgery in a Ghanaian population so far. This study seeks to determine the success of SB surgery and the differences in the anatomic success and visual outcome between two time periods.
Materials and methods
In this retrospective study, all patients with RRD who were treated with SB at the Eye Centre of KBTH, Ghana, from January 2002 to December 2005 and from January 2011 to December 2014 were included. This study adhered to the tenets of the Declaration of Helsinki and was approved by the institutional review board of KBTH (KBTH-IRB/00036/2016).
inclusion criteria and exclusion criteria
Eyes were eligible for this study if they had RRD or combined rhegmatogenous and tractional retinal detachment and had undergone SB only.
The diagnosis of retinal detachment was made clinically and included history of one or all of the following: sudden loss of vision, visual field defect, floaters, and flashes of light, supported by retinal configuration typical of RRD whether the primary break was seen or not. The presence of tractional fibrovascular membranes did not exclude eyes from this study.
Exclusion criteria included eyes with RRD that did not undergo SB and tractional retinal detachment or exudative retinal detachment.
Demographic and clinical data
The demographic and clinical characteristics of the patients recorded included preoperative variables such as age, sex, affected eye, symptoms, duration of detachment, medical history, preoperative visual acuity, refractive status, lens status, the type, number and location of retinal breaks, extent of detachment, macular status and presence of proliferative vitreoretinopathy (PVR), operative variables such as buckle type, subretinal fluid (SRF) drainage, type of retinopexy and complications, and postoperative variables such as reattachment status and visual acuity at 1, 3, 6, and 12 months and at the last follow-up visit, postoperative complications, and status of the fellow eye.
Surgical procedure
SB was performed by two surgeons (SA and IZB). Under local anesthesia with 50:50 mixture of 2% xylocaine and 0.5% plain bupivacaine using peribulbar anesthesia and aseptic technique, peritomy was made at the limbus. The limbal peritomy was limited to the quadrant of the primary break when placement of segmental buckle was planned or extended to 360 degrees in the case of placing encircling band. Traction sutures were placed underneath the recti using 4-0 silk suture. The sclera is inspected for the presence of scleral thinning. Indirect ophthalmoscope examination was done to localize retinal break(s) and areas of peripheral retinal degenerations. Mattress suture(s) are placed using 5-0 Mersilene and the suture knots tied using releasable suture technique. SRF drainage was done using 25 gauge 5/8 inches hypodermic needle when planned. Cryotherapy was performed around the edges of retinal break(s) in group A. Encircling band (type 240), 5 mm sponge (type 505) or 7.5×5.5 mm sponge (type 507) were placed and secured using preplaced 5-0 Mersilene mattress sutures. Retina examination using indirect ophthalmoscope was done to confirm correct placement of the buckle and for pulsation of the central retinal artery. The sub-Tenon's space is irrigated with gentamicin and conjunctiva closed using 8-0 polyglactin 910 (Vicryl) suture. The eye is closed and patched. The minimally invasive buckle surgery in group B included limited peritomy, the use of segmental buckles instead of encircling bands, and nondrainage of SRF without retinopexy of retinal break. Laser retinopexy is done on postoperative day 1 or whenever adequate visualization is allowed in group B.
The patients were seen on postoperative days 1 and 7, and at 1 and 3 months and there after every 3 months for the first year. Postoperative treatment included guttae (gtt) prednisolone 1% qid for at least 1 month, gtt ciprofloxacin 0.3% qid, and gtt cyclopentolate 1% bid for 1 week. Raised intraocular pressure was controlled with oral acetazolamide 250 mg bid, gtt timolol 0.5%, and gtt brimonidine tid. 
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Scleral buckle surgery in Ghana Statistical analysis SPSS version 20.0 was used for data analysis. Data were presented using frequency tables and figures as appropriate. The anatomic success rate (ratio of flat retina to total number of patients operated) at 1, 3, 6, and 12 months postoperatively and at the last follow-up visit was computed for each group. Primary success (single operation success) is defined as retina reattached for at least 3 months postoperatively. Secondary success is defined as retina reattached for at least 3 months after revision of SB and overall success include primary and secondary success. Snellen visual acuity was converted to the logarithm of minimum angle of resolution (logMAR) for statistical analysis. The mean visual acuities at 1, 3, 6, and 12 months postoperatively and at the last follow-up visit were determined. Continuous data were presented as mean and SD. Independent t-test and Mann-Whitney U test were used to compare continuous data between the two groups. Chi-square and Fisher's exact tests were used to compare categorical data. The effect of preoperative, operative, and postoperative variables on anatomic success and visual outcome was determined by univariate and multiple regression analysis. P-values ,0.05 was considered statistically significant.
Results

Demographic and clinical characteristics
One hundred fifty-eight eyes (71 between 2002 and 2005 and 87 between 2011 and 2014) of 156 patients who had SB were included in this study. The mean (±SD) age of the patients was 47.9±14.6 years (range, 13-81 years) and 112 of them were males. The patients operated between these two time periods had similar baseline clinical characteristics ( Table 1 ). The primary break was seen in 62 (87.3%) eyes in group A and 82 (94.3%) eyes in group B. Associated vitreous hemorrhage was found in three (4.2%) eyes in group A and in eight (9.2%) eyes in group B. Fourteen (16.1%) eyes had grade A, 23 (26.4%) eyes had grade B, and 29 (33.3%) had grade C1 or worse PVR, respectively, in group B while 20 eyes (28.2%) had grade C1 or worse PVR in group A. These was no significant difference in the rate of grade C1 or worse PVR between the two groups (P=0.527). Retinal pathologies detected in other quadrants in the affected eyes include (number): lattice degeneration (12) 
Anatomic outcome
Encircling, segmental (radial and circumferential segmental), and combined (encircling with segmental) buckling were performed in 42 (59.2%), 18 (25.3%), and 11 (15.5%), respectively, in group A compared with 25 (28.7%), 58 (66.7%), and 4 (4.6%), respectively, in group B (P=0.6847). SRF drainage was performed in 67 (94.4%) eyes in group A and in 28 (32.2%) eyes in group B. Intraoperative cryotherapy was performed exclusively in group A, while postoperative laser retinopexy was performed in group B.
The primary anatomic success in group A was 42/60 (70%) compared with 57/84 (67.9%) in group B. The overall anatomic success (primary and secondary success combined) was 47/62 (75.8%) in group A compared with 67/84 (79.8%) in group B. The anatomic success at different time periods after SB is summarized in Figure 1 .
In group A, the preoperative duration of macular detachment of .1 month and PVR were significantly associated with a poorer anatomic success by univariate analysis (P=0.02) and (P,0.0001), respectively, and only PVR was significant (P,0.0001) by multivariate analysis in group A. In group B, PVR (P=0.019) and vitreous hemorrhage associated with RRD at presentation (P=0.013) were significantly associated with a poorer anatomic success by univariate analysis, but only macular detachment (P=0.02) was significant by multivariate analysis.
Revision of SB
In group A, 18 eyes had primary failure. Nine of these eyes had PVR grade C, four had anteriorly placed encircling bands relative to the primary break, two had missed break, one had tractional fibrovascular membrane over the break from sickle cell disease, and in two eyes no break was seen preoperatively and intraoperatively. Nine eyes had further procedures, and these include augmentation of encircling band with silicone sponge type 507 (five eyes), augmentation of buckle with encircling band type 240 (two eyes), and repositioning of silicone sponge (two eyes). Five (55.5%) eyes that had SB revision achieved a secondary anatomic success. Four eyes that initially achieved primary anatomic success had redetachment (secondary failure) of their retina at 6, 10, 12, In group B, 27 eyes had primary failure and the cause of the failures include PVR grade C (19) , missed break (6), fish mouthing of break (1), and tractional fibrovascular membrane over the break from sickle cell disease (1). Fourteen eyes had further surgical procedures and these include repositioning of segmental circumferential buckle (9) , augmentation of buckle with radial sponge (3), augmentation of buckle with encircling band (1), and repositioning of radial sponge (1). Secondary anatomic success was achieved in 10 (71.4%) eyes that had further surgical procedure. Three eyes that initially achieved primary anatomic success had redetachment of their retina at 6, 12 and 24 months postoperatively, respectively. The cause of the retinal redetachment in the three eyes was due to PVR. One patient with secondary failure at 12 months from reopened horseshoe tear due to PVR had successfully attached retina after augmentation of buckle with encircling band.
visual acuity results
The mean (±SD) preoperative best-corrected visual acuity (BCVA) in logMAR was similar between the two time periods, thus, 2.01±0.94 in group A vs 1.93±1.04 in group B (P=0.667). There was a tendency for improvement in mean postoperative BCVA with the duration of follow-up. The mean (±SD) postoperative BCVA in group A at 1, 3, 6, and 12 months were 1.41±0.73, 1.25±0.86, 0.88±0.87, and 0.83±1.04, respectively. The mean (±SD) postoperative Overall, the mean postoperative BCVA at the last follow-up visit (1.02±0.896) was statistically significantly better than the mean preoperative BCVA (1.967±0.995) (P,0.0001). Group B had a longer mean duration of follow-up postoperatively (16.81±11.17 months) compared with group A (6.91±10.79 months) (P,0.0001). The mean postoperative BCVA at the final follow-up visit in group B 0.81±0.80 (approximate Snellen equivalent 6/37.5) was statistically significantly better than in group A 1.25±0.95 (approximate Snellen equivalent 6/96) (P=0.0021).
In group A, preoperative visual acuity (P,0.0001), macular-off detachment (P,0.0001), and PVR (P,0.0001) were significantly associated with postoperative visual acuity of 3/60 or worse by univariate analysis, but only duration of macular detachment of .1 month prior to SB (P=0.04) was significant by multivariate analysis. In group B, preoperative visual acuity (P=0.019), vitreous hemorrhage (P=0.002), and secondary macular hole associated with RRD (P,0.0001) and PVR (P,0.001) were significantly associated with postoperative visual acuity of 3/60 or worse and only macular-off RRD was significant by multivariate analysis. 
Status of fellow eye
In group A, one patient had SB in the fellow eye. Of the remaining 70 fellow eyes, the pathologies detected at presentation include old retinal detachment (15) , retinal breaks (9), lattice degeneration (7), proliferative sickle cell retinopathy (2), corneal scar (1), and anophthalmia following evisceration (1) . Similarly, in group B, one patient had SB in the eye and of the remaining 86 fellow eyes, the pathologies detected at presentation include old retinal detachment (18), retinal breaks (10), lattice degeneration (8), cataract (3), aphakia (1), phthisis bulbi (2), vascularized corneal scar (1), chorioretinal scars (3), pigmentary retinal degeneration (1), spontaneously attached retina (1), proliferative sickle cell retinopathy (5), and peripheral retinal arteriolar occlusion (1). 
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Braimah et al Fifty-five (78.6%) fellow eyes had visual acuity of 6/60 or better, while 15 (21.4%) had visual acuity worse than 6/60 in group A. Of the 15 fellow eyes with poor visual acuity at presentation, five had counting finger vision, two had hand motion vision, two had perception of light vision, and six had nonperception of light vision. The cause of poor vision in 15 eyes includes old retinal detachment considered inoperable by SB in 14 eyes and anophthalmia following evisceration in one eye.
In group B, 67 (77.9%) fellow eyes had 6/60 or better acuity at presentation and 19 (22.1%) eyes had visual acuity worse than 6/60. The cause of the poor vision in 19 eyes includes old retinal detachment (17) and phthisis bulbi (2).
Discussion
In this article, we found similar primary and secondary anatomic success between two time periods despite differences in technique. In group A (2002-2005), retinopexy was achieved through cryotherapy and in group B (2011-2014) retinopexy was done using postoperative 532 nm laser photocoagulation. The anatomic success rate in this study was comparable with other studies. 1, 3, 4, 8, [10] [11] [12] [13] Avitabile et al evaluated the efficacy of cryotherapy vs transpupillary laser retinopexy in a randomized prospective study of 703 patients with RRD undergoing SB.
14 The anatomic success rate was found to be similar among the two groups at 6 months postoperatively. 14 Similarly, Lira et al reported similar anatomic success rates at 6 months in a prospective trial of 66 patients with RRD who had undergone SB and were randomly assigned to either intraoperative cryotherapy or postoperative laser retinopexy. 15 The anatomic success rate at 10 weeks was similar between cryotherapy and postoperative laser retinopexy in a randomized control trial of 48 eyes undergoing SB for macular on RRD. 15 While postoperative laser retinopexy have been reported to be associated with low incidence of PVR, 16 there are reports suggesting that cryotherapy was associated with increasing rates of PVR. 17, 18 Bonnet et al reported that the incidence of PVR was associated with the type and anatomy of the primary break. 17 They found that in eyes with atrophic holes, oral dialysis, horseshoe tear with mobile posterior edge, and giant retinal tears, the incidence of PVR was not significantly different whether cryotherapy or laser was used for retinopexy. 17 However, the incidence of PVR was significantly higher in the cryotherapy group in eyes with horseshoe tears with curled posterior edge and larger tear equal to or greater than 180 degrees. 17 There are also reports that suggest that retinopexy may not be necessary following SB as long as all retinal breaks are situated on the buckle. 19, 20 In a randomized controlled trial of 60 patients with retinal detachment caused by retinal break no larger than 1 clock hour, the anatomic success rate was 90% in the group that did not have retinopexy and 87% in the retinopexy group. 19 There was no statically significant difference between these groups. 19 The authors argue that no retinopexy is necessary to seal retinal breaks if all the retinal breaks and suspicious areas are situated squarely on the buckle. 19 Banaee et al did not find significant effect of laser retinopexy on anatomic success rate of SB. 21 Similar anatomic success rates for SB have been obtained whether SRF drainage procedures were used or not. 8, [21] [22] [23] In this study, drainage of SRF was predominant (94%) in group A compared with group B (32%) although the difference was not statistically significant (P=0.857). SRF drainage was associated with the occurrence of subretinal and vitreous hemorrhage in this study similar to previous reports. 8, 22, 23 Other studies have also reported the occurrence of retinal/ vitreous incarceration and retinal breaks with the drainage procedure.
8, 22 Noori et al reported that the only factor associated with anatomic failure of SB was subretinal hemorrhage associated with the drainage procedure. 23 The primary anatomic success in this study (70% in group A and 67.9% in group B) appears to be low compared with other studies. 8, 11 Similarly, Yorston et al observed a lower primary anatomic success in East African population, although majority of the patients had vitrectomy and the success was determined at 8-week follow-up visit. 24 They suggested that the poor anatomic success may be due to delayed presentation and high rates of complex cases such as PVR and giant retinal tears in their series. 24 The lower primary anatomic success in this study may be due to the high rates of preoperative PVR grade C (28.2% in group A and 33.3% in group B) compared with previous studies. 25 The high rate of preoperative PVR in this study may be due to the high mean duration of RRD at presentation, younger age of our patients, and other unknown risk factors such as ethnic variation in the onset and severity of PVR. [25] [26] [27] Mietz and Heimann reported that PVR often begins at 2 weeks and develops in a majority of cases within the first 2 months of onset of retinal diseases. 26 The mean duration of RRD in our study was 105 days with a median of 42 days. Chandra et al reported that South Asian patients with RRD presented with severe phenotype compared with European Caucasians and suggested that the differences between these ethnic groups may be due to population stratification. 27 In this study, PVR (in group A) and macular detachment (in group B) were found to have significant effect on anatomic 
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Scleral buckle surgery in Ghana success by multivariate analysis. Ahmadieh et al found the extent of retinal detachment and PVR as the factors that significantly influenced the anatomic success by stepwise multivariate analysis. 11 In another report, macular on retinal detachment, better preoperative visual acuity, phakia, less extensive retinal detachment, and definite retinal break correlated with higher single operation anatomic success rate. 8 There was a significant improvement in the postoperative visual acuity compared with the presenting visual acuity despite delay in presentations in both groups A and B. Late presentation of patients with RRD is commonly reported in African populations and other developing countries. [10] [11] [12] [13] 28, 29 A better mean postoperative visual acuity at final follow-up in group B compared with group A could be attributed to a host factor such as differences in baseline characteristics, operative techniques, and duration of follow-up. 3, 4, [7] [8] [9] 11, 21, 30 However, the patients in both groups had similar baseline characteristics such as age, duration of detachment, macular involvement, and quadrants of detachment. The main differences in operative techniques between these two groups are that group A had predominately the use of encircling bands (59%), subretinal drainage (94%), and exclusively intraoperative cryotherapy while group B had predominantly segmental buckle (67%), nondrainage of SRF (68%), and exclusively postoperative laser retinopexy. The differences regarding the use of buckle type and drainage techniques were however not statistically significant between these two groups. The only significant difference between the two groups was with respect to the type of retinopexy and duration of follow-up postoperatively. In a randomized controlled trial of cryotherapy vs laser retinopexy in 48 eyes undergoing SB for RRD, postoperative aqueous flare measured using laser photometry was significantly higher and visual recovery was slower in the cryotherapy group compared with postoperative laser although the visual acuity was not significantly different after 10 weeks postoperatively. 31 Similarly, Lira et al reported no differences in visual acuity between cryotherapy and laser after 6 months postoperatively, although visual recovery was slower in the cryotherapy group. 15 Salicone et al found a tendency for the group with better final visual acuity to have a longer follow-up period. 8 While those with visual acuity better than or equal to 20/40 had a follow-up of 21 months, those with acuity of 20/200 or worse had a follow-up of 12 months (P=0.001). 8 Visual acuity may continue to improve after several months or years after SB. 8, 30 A significantly better postoperative visual acuity in group B compared with group A may therefore be due to a significantly longer duration of follow-up observed in group B.
Hassan et al did not find significant decrease in the mean postoperative visual acuity until after 6 weeks duration of macular detachment. 6 Another large retrospective series found that duration of macular detachment of 1 month or less before SB procedure had little effect on visual outcome. 8 In this study, duration of macular detachment of 1 month or greater was associated with a significantly poorer visual outcome in both groups A and B. Salicone et al reported that macular detachment was the most important prognostic factor for anatomic success and visual outcome in SB. 8 Up to 22% of fellow eyes had visual acuity worse than 6/60 at presentation, and the cause was attributed to old retinal detachment which was not amenable to SB. There is the need to create awareness among the public and other health personnel on the importance of early and adequate eye examination to avoid late presentation. Awareness creation through health education on the symptoms of retinal detachment and promotion of positive health seeking behaviour among the Ghanaian population may result in earlier presentation before second eye involvement in RRD.
A longer follow-up period may be necessary to evaluate the anatomic and visual outcome after SB. 7, 8, 30, 32 There is lack of reported data on the anatomic and visual outcome of SB in a West African population beyond 3-6 months. 10, 12, 13 This study has shown that SB was still effective after 1 year postoperative in a West African population and that there was a tendency for improvement in visual acuity at 1 year and beyond similar to findings in other populations. 7, 8, 30, 32 There was, however, high rates of loss to follow-up in this study with only 15% (21%) available at 1 year in group A compared with 58 (66.7%) in group B. It is reassuring that a lot more patients are reporting for follow-up in recent times (group B) compared with the earlier period (group A). The longer duration of follow-up in the recent period may be attributed to improvement in socioeconomic status of the Ghanaian population associated with increased awareness of eye conditions and accessibility to eye care services.
In recent times, primary vitrectomy is increasingly performed for patients with RRDs and vitrectomy is the main procedure performed following failure of SB surgery. 8, 15, 23, 32, 33 Of 129 eyes who had recurrent or persistent RD following SB, only six (4.6%) were managed with revision of SB alone and 104 (80.6%) had PPV. 8 In this study, revision of SB was the second surgery performed following failure of the initial buckling procedure in both groups and has shown that favorable results can be achieved. While the number of surgeons and facilities adopting vitrectomy for RRD is increasing, SB still has a role in the developing countries including Ghana. There is a delay in SB surgery for RRD in some patients in developing countries due to financial constraints 13 and PPV may be a source of further delay due to higher cost associated with the procedure.
Limitations of the study
There are several limitations associated with this study and include retrospective design, comparison of surgical interventions at different time periods, nonuniform documentation of clinical findings, and different surgeons. Despite these limitations, this study has provided data on anatomic and visual outcome of SB with different retinopexy techniques, success of revision of SB surgery, and longer duration of follow-up in a West African population.
Conclusion
The anatomic success rate of SB surgery was similar despite the use of different retinopexy techniques in the two time periods. The anatomic success rate did not change despite advances in techniques in the recent period. The final mean postoperative visual acuity was significantly better in the recent period compared with the earlier period and this was associated with a longer duration of follow-up. Revision of SBs can achieve favorable success in primary failure of SB in the era of primary vitrectomy for RRD. A prospective study is needed to better characterize the effect of baseline characteristics, operative techniques, and postoperative complications and duration of follow-up on the anatomic and visual success of SB surgery in the West African population with RRD.
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